Abstract-Image retargeting is a critical technique for browsing images in diversified terminals. In this paper, we propose a hybrid image resizing approach by jointly using seam carving and warping. Firstly, based on the importance partition with the saliency map, we apply a weighted seam carving approach to make the seams distributed dispersedly in the important regions. Then we propose Content Aware Image Distance (CAID) to assess the deformation caused by removing seams. The weighted seam carving will stop with a fixed threshold to assure little visual image quality degradation. Finally, the grid based warping is utilized to achieve the final size with a global optimization model, since warping tends to avoid discontinuity artifacts of important region and typically make the distortion distribution of unimportant region more coherently. 
INTRODUCTION
With the rapid development of mobile multimedia techniques, it is possible that users browse images on devices of different sizes such as cellular phones and high resolution TV. This requires image retargeting techniques [10] , which adapt the images of various aspect ratios to the target screen, maximizing the viewer experience. Many content-aware retargeting methods have been proposed such as seam carving [4] , [5] , [11] , [12] , meshbased retargeting [7] , [9] , [13] , [14] and hybrid approaches [2] , [15] , [16] .
Seam carving (SC) [4] , [5] , [11] , [12] removes or inserts 1D seam that passes through the less important regions to preserve media content. But it usually brings discontinuity artifacts when the removed/inserted seams pass through some important objects or regions. To restrain the noise brought by seam carving, Achanta [17] computed the saliency map only once, independent of the number of seams inserted or removed. Toony [18] assumed that the object edges were removed during carving seams, and they proposed a modified saliency map combining the traditional saliency map with local edges for seam carving. Domingues [19] proposed stream carving by utilizing an adaptive importance map to merge several features like gradient magnitude, saliency, face, edge and straight line detection. Chen [20] proposed balanced seam carving (BSC) with a criterion to evaluate the diagonal artifacts in addition to the previous horizontal and vertical artifacts. Zhang [21] defined handles to describe both local regions and image edges. They assigned a weight for each handle based on an importance map for the source image. They constructed a quadratic distortion energy to measure the shape distortion for each handle. Huang [22] presented a fast seam based image resizing approach. They searched seams through establishing the matching relation between adjacent rows or columns. And a linear algorithm was proposed to find the optimal matches, which could save about 99% time compared to [12] .
In addition to seam carving, mesh based approaches [7] , [9] , [13] , [14] are kinds of continuous approaches. It optimizes an image from the source media size to some target size using several types of constraints to protect media content. Warping tends to avoid discontinuity artifacts and typically preserves the overall shapes of image objects more coherently.
The others are hybrid approaches. Dong [2] proposed an approach to combining seam carving and scaling based on an image distance function. Their strategy was interesting but it needed to scale the image to target size and compute the distance once a seam is removed, which was a time-consuming process. Also, scaling may cause deformation of important regions. A similar idea was proposed by Hwang [16] , which exploited the important map weighted combining saliency map, gradient and face regions. The switching scheme (switching from seam carving to warping) is that the energy of a seam is larger than a threshold. In [15] , a scheme to jointly use seam carving with warping was proposed. The deformation of semantic edges (DSE) was defined to measure deformation of resized images. This approach was computationally more efficient than [2] , but the semantic edges needed to be detected beforehand and DSE can only be applied to straight line edges. To compare image quality by different retargeting methods reliably, an objective metric was presented from global to local viewpoints to access the quality of retargeted images [23] .
Generally speaking, removing excessive seams can easily cause image quality degradation for seam carving. Cho [24] proposed an importance diffusion scheme which propagated importance of removed pixels to their neighbors for preserving visual contexts and avoiding overshrinkage of unimportant parts. It can be seen that the artifacts brought by seam carving in unimportant regions cause less visual quality degradation than important regions. Based on our observation, if the same number of removed seams is relatively far from each other, the subjective image quality degrades not obviously, as shown in Figure 1 . In this paper, we propose a weighted seam carving approach, in which the weighted forward energy function [5] is computed in seam carving instead of energy diffusion [24] . And the weight of removed seams falling in important regions is propagated to the pixels in its neighborhood. It will increase the cost of removing these neighboring pixels and decrease the possibility of these neighboring pixels involved in a seam. Therefore, the seams fall into important regions nonadjacently. The above scheme can reduce image degradation when the same number of seams is removed. However, it can not essentially resolve the problem of artifacts. After more seams are removed, the above scheme also causes visual quality degradation. While the warping approach is a continuous way, which tends to avoid discontinuity artifacts of important region and typically makes the distortion distribution on unimportant regions more coherently. Therefore an optimal scheme to jointly using seam carving and grid warping is proposed in this paper, as illustrated in Figure 2 . Motivated by the objective quality assessment model [25] , which showed that SSIM (Structural Similarity) is consistent with the subjective mean opinion score (MOS) by Logarithm function [25] , we propose Content Aware Image Distance (CAID) to assess image quality of different retargeting size. With the CAID model, we can assess the structural damage caused by removing seams so as to optimally combine the advantage of the weighted seam carving and warping. The weighted seam carving will stop when visual image quality degradation is greater. Then, the grid based warping is utilized to achieve the target size with a global optimization model, which could effectively keep the whole structure through the distort the unimportant regions coherently.
The contributions of this paper can be summarized as follows:
For the structural deformation caused by neighboring seams removal, we propose a weighted seam carving approach. By transferring the weights of removed seams to its neighboring pixels, the seams fall in important regions are removed more uniformly. Therefore, the weighted seam carving causes less visual quality degradation than seam carving [5] .
To optimally combine seam carving with warping, we introduce a CAID to give an objective measure from the view of image structural quality assessment. The structure components of sub images are selected for effectively measuring the deformation brought by removed seams, which is more consistent with human perception than BDS [26] and Liu [23] .
With the CAID model for quality assessment, we can effectively control the structural deformation caused by removing seams and optimally combine the advantage of the weighted seam carving and grid warping. Our approach is superior in terms of removing un-important regions, and keeping the aspect ratio of important objects.
II. CONTENT AWARE STRUCTURAL SIMILARITY
In this paper, we introduce a CAID to give an objective measure for seam carving from the view of image quality assessment. The CAID is used to measure the structural quality loss of the important regions and judge the switching point from the seam carving to the grid warping.
A. Region Importance Determination
We calculate the visual saliency with [27] since it is easy to implement and the performance is acceptable. The saliency value of each pixel is normalized to [0-1] as the weight ( , ) w x y for the pixel in ( , ) xy. The threshold r0 is determined by a condition that half number of ( , ) w x y is smaller than 0 r . Then we obtain the important regions from the saliency map by binaryzation. The binary image ( , ) b x y is computed as follows,
(1) Figure 3 shows an example of region importance determination, including the original image, the saliency map and the important regions respectively. In Figure  3 (c), the important regions are marked as 1. 
B. Statistic Structural Similarity
Structural similarity measure (SSIM) [25] is classic approach used for image quality assessment, and it is superior to apply the SSIM index locally rather than globally for effective quality assessment. In SSIM, three comparison functions are calculated from the aspects of luminance, contrast and structure. As the statistical results in our previous work [28] , the removed seam brings large intensity discontinuity and it causes more structural variation. Therefore, the structural comparison function is more effective to measure the quality degradation in seam carving. For two image f and g , the structural comparison function is,
where C is small constant in both denominator and numerator to avoid instability when the remaining part of the denominator is very close to zero. The local statistic features including mean intensity, standard variation and correlation variation , , , 
where N is the total pixel numbers of each image, and ( , )
When the two image are the same, the value of ( , ) s f g is Otherwise, the value of ( , ) Dis f g is 0. 
C. Content Aware Image Distance
The one with the larger distance is set as the center of the In order to reduce the degradation of visual image quality, the strategy for removing seams is critical. But based on the different strategies of removing seams illustrated in Figure 1 , there is visible quality degradation when the seams are consecutive especially in the important regions, while the visual image degradation is not obvious when the seams are dispersed. Therefore, we can remove seams by the following rules:
Seams in the unimportant regions are removed as many as possible.
The distribution of seams is as uniform as possible. Based on the two rules, we adopt a weighted strategy to improve the performance of seam carving. If a seam to be removed lies in the important regions, the pixels around the seam will be penalized with a weight. So the pixels around its neighborhood are less likely to be removed. This could ensure that seams in important regions are non-adjacently removed. Moreover, this approach also results that more seams from the unimportant regions are removed with less degradation.
A. Weighted Gradient Energy
As for the weighted seam carving, we firstly compute the weighted gradient energy. With an image ( , ) I x y , we compute three possible step costs to the left, up or right respectively. 
where the initial weight ( , ) w x y is the normalized saliency value in Section II-A. Then we compute the forward-cumulative cost matrix ( , ) M i j . For vertical seams, the cost ( , ) M i j is updated as follows,
( 1, 1) ( , ) 
B. Weight Transfer
When the removed seam pass through the important regions, the weights of pixels in the neighborhood are to be updated correspondingly. The main idea is to transfer the weight of removed pixels on the seam to its neighboring pixels. Using removing a vertical seam as an example, the seam to be removed is marked in red in Figure 5 . We will update the weights of pixels in the horizontal neighborhood of this seam. 
where Bandwidth is the half width of the neighborhood, and we set Bandwidth = 5 in our experiment. 
IV. GRID WARPING
After a seam is removed, the CAID of the target image to the original image is computed. If the CAID is larger than or equal to 0.2 (based on our extensive observation), we think the distortion is unacceptable, and the procedure is switched to warping. The optimization model [29] The Objective Function A nonlinear objective function is employed to reallocate distortion to a large proportion of (all) unimportant regions to avoid discontinuity. To minimize the grid distortion energy, the objective function is defined as: Boundary Constraints We introduce the constraints as follows: Moreover, the equality constraints are linear functions and the inequality constraints can be seen as a concave function. The solutions satisfying equality and inequality constraints finally form a convex set. When a local solution is resolved, the global solution is yielded.
An active-set starts by making a guess of the optimal active set which satisfies equalities. With the width and height of a target image , 
V. EXPERIMENTAL RESULTS

A. Experimental Setting
To evaluate the effectiveness and efficiency of our retargeting method, we use the RetargetMe dataset [1] and our collected images datasets, to conduct our experiments and comparison. Our experiments involve three parts:
Evaluate the effects of our weighted seam carving; Evaluate the measure of CAID; Evaluate the effectiveness of our combination approach.
B. Effects of Weighted Seam Carving
In order to evaluate the performance of weighted seam carving, we compare our weighted seam carving with Rubinstein's SC [5] in Figure 7 , which shows the corresponding images when seam number is 100, 200, 300,400, 500 respectively. Figure 3 (a) is the original image of size 500 500  , we resize it to the image of size 250 250.
 We use CAID to assess the loss of the visual quality. We also indicate the center of important sub images on the corresponding images. From Figure 7 , our approach can achieve more uniform distribution of important sub images than Rubinstein's SC [5] , especially for 300, 400 and 500 removed seams. It demonstrates that our approach causes less deformation (lower CAID) in important regions than Rubinstein's SC [5] . Moreover, in terms of the overall visual effect our approach is much better after the seams are removed. The most important is that, as the seam number increases, Rubinstein's SC [5] causes faster degradation of image quality than ours. Further-more, from Figure 7 , the important sub images distribute more uniformly from our approach than from [5] .
C. Experimental Results of CAID Measure
To show the performance of the CAID measure, we add comparison with the objective measures: BDS [26] , Liu [23] . We chose ten images in TargetMe dataset whose width or height is bigger than 1000 pixels. Each image is resized using our weighted seam carving to reduce 100, 200, 300, 400, 500, 600 and 700 seams respectively. Both subjective and objective measures are used to assess each resized image. For subjective evaluation, we collected the subjective measure results of 40 participators based on how similar each retargeted image and its original image were. The participators are asked to give a dissimilarity score in range of [0,1], and not influencing the participators aesthetic concept, no hints and prior-knowledge are delivered to them in advance. We average all the scores as the result of subjective measure. The measures Liu [23] and BDS [26] are used to compare with our approach. All the results are normalized to dissimilarity in the range of [0-1], and the experiment results are shown in Figure 8 . From Figure 8 , we could see that the curve shape of our results are more similar with the results of user study than other methods. And the values of CAID and user study are different duo to different quantitative method. The results of CAID and the user study increase dramatically with the increasing of removed seams, whereas Liu [23] increases linearly and BDS [26] is fluctuant. The results could explain that the CAID measure is more consistent with human perception. 
D. Performance of Weighted Seam Carving + Warping
Our approach is compared with warping [29], Rubinstein's SC [5] , our weighted SC and Dong [2] , our weighted SC + scaling, and our weighted SC + warping. An comparison example is given in Figure 9 . From Figure 9 , we can see that our SC is much better than Rubinstein's SC [5] . Compared with other approaches, our SC + warping can remove more unimportant regions (such as sky in the left images) than Dong [2] , and it causes less deformation of the key object (Tower) than our weighted SC + scaling. But the tower in Figure 9 (g) is a little smaller than those in Figure 9(d)-(f) .
In order to further show the effectiveness of our results, we also compute the area and aspect ratio of the important object in Figure 10 .The key object lotus is marked using a bounding box in Figure 10 Table I show that our weighted SC + warping can preserve more important regions than warping, and it keeps the aspect 488 JOURNAL OF MULTIMEDIA, VOL. 9, NO. 4, APRIL 2014 ratio of the important object much close to the original image than other approaches. Our weighted SC causes less deformation of details than Rubinstein's SC [5] . In a word, our weighted SC+warping shows the better performance in terms of removing more unimportant pixels, while preserving more details and aspect ratio of the important objects. Our approach achieves an optimal trade off between preserving the aspect ratio of important regions and the loss of deformation. 
E. User Study
A subjective evaluation is further performed to compare with the other methods in RetargetMe dataset [1] .
By means of user preference and scoring evaluation, the effectiveness is measured quantitatively. Totally 40 students and teachers participate in the user study. Each participant is showed an original image and a randomly ordered sequence of retargeting results with different methods including Cropping, Energy-based deformation [3] , Multi-operator [4] , Rubinsteins SC [5] , Simple scaling operator, Shift-maps [6] , Scale-and-Stretch [7] , Streaming Video [8] , Non-homogeneous warping [9] , Wang's method [9] and our weighted SC + warping. The participators are asked to vote the most favorite one and least favorite one for all the retargeting methods. Not influencing the participators' aesthetic concept, no hints and prior-knowledge are delivered to them in advance. The statistical results are shown in Table II . As listed in Table II , our approach rank 2th for "most favorite", and rank 9th for "least favorite". This interesting results show that most participants prefer our results. Figure 11 gives some comparison results from the RetargetMe database. Figure 12 give a failure case of our approach. The original image (in Figure 12(a) ) is resized from 683×1024 to 684×768. There is obvious deformation in the shelf as shown in Figure 12 (e). Since we give more constraints on the important regions, and we have not any operation for the unimportant regions. When the removed seams pass through the region of "shelf", the serious deformation happens. Next step, we will add some structural constraints for the unimportant regions like Figure 12 (d), where is not obvious deformation in the resized image as shown in Figure 12 (f). Our approach is implemented in C++, and it is run on a PC with duo CPU 2.10 GHZ, 1G memory. Average 40 seconds are needed to resize a 500×500 image to half size.
F. Failure Case
VI. CONCLUSIONS
In this paper, we have proposed a hybrid image resizing approach by jointly using seam carving and warping. We apply CAID to monitor degradation of visual quality when removing seams in the resizing process. The weighted seam carving will stop with a fixed threshold to assure little visual image quality degradation. Then the current image is warped to the target size. In this way, we remove the unimportant pixels as possible and make the deformation of the important regions as small as possible. Experiments and comparison in Retarget Me database shows the superiority of the propose approach.
